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Breath-held 3D-SSFPAbstract Purpose: To assess the role of breath-held 3D-SSFP MRCP in evaluation of post-
laparoscopic cholecystectomy biliary complications.
Patients and methods: This study included 29 patients with post-laparoscopic cholecystectomy
symptoms like abdominal pain, vomiting or jaundice during period from March 2013 to March
2015. The ages of patients ranged from 28 to 70 years (mean 49 ± 16 year). MRCP was performed
for all patients on 1.5 tesla MRI machine with breath-held multi-slice acquisition. Both 2D and 3D
MRCP were done.
Results: The encountered post laparoscopic biliary complications were either major injuries like
complete bile duct transection in 8 cases and bile duct ligation in 4 cases or minor injuries like
partial thermal tear in 4 cases, slipped clips in 2 cases and benign strictures in 5 cases. The retained
biliary stones were another complication and located either intrahepatic in 2 cases or extra-hepatic
in 4 cases. 13 cases were managed by ERCP with sphincterotomy, dilatation and/or T-tube inser-
tion. Other 13 patients were managed operatively with removal of ligature or hepaticojujenostomy
and the remaining 3 patients were managed conservatively.
Conclusion: The use of breath-held 3D-SSFP MRCP is essential in evaluation of post-laparoscopic
cholecystectomy biliary complications and in planning for management regimens.
 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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Iatrogenic bile duct injury is a catastrophe associated with
significant morbidity, mortality, adverse quality of life and
high rates of litigation (1). As laparoscopic cholecystectomy
is now considered the gold standard treatment for symp-
tomatic gallstones, higher rates of bile duct injury and other
biliary complications like bile leak have been reported in the
laparoscopic era (2).
Bile duct injury rates after laparoscopic cholecystectomy
have been reported to range from 0.2% to 7% compared to
0.2–0.4% after open cholecystectomy (3,4). Postoperative bile
duct injuries include the presence of leak, stricture, or complete
transection and excision of a segment of duct, with or without
obstruction of the proximal biliary tree by surgical clips (5).
Biliary complications are classified into early and late
complications. Early complications occur in the post-
operative period and include; retained stones in the cystic duct
stump and/or common bile duct, bile duct injury/ligature
during surgery, and bile leakage. Late complications occur
after months or years and include; recurrent stones in the
common bile duct, bile duct strictures, cystic duct remnant
harboring stones and/or inflammation, gall bladder remnant
harboring stones and/or inflammation, papillary stenosis,
and biliary dyskinesia (6).
Prompt identification of these biliary complications is crucial
for their appropriate management. Magnetic resonance
cholangiopancreatography (MRCP) is a noninvasive imaging
technique that has an established role in demonstrating biliary
tract anatomy (5) and in providing a roadmap for interventional
treatments (7–9). Though several variations of this technique
have been developed in the recent years, they all share the use
of a heavily T2W pulse sequence, which selectively displays
static or slow-moving fluid-filled structures as high intensity
areas. The recent development of many three dimensional
(3D) sequences have substantially enhanced the quality of the
MRCP images. Advances in gradient strength and image
processing software have significantly influenced the develop-
ment of 3DMRCP sequences that can be acquired in suspended
respiration or with respiratory gated techniques using fast
recovery sequences (FSE) or steady state free precession (SSFP).
The near isotropic volumetric data from a 3DMRCP sequence
can then be processed using a maximum intensity projection
(MIP) or volume rendered technique (VRT) for accurate display
of the biliary tree and pancreatic duct (10).
3D-SSFP is a high-resolution breath hold pulse sequence
that has high fluid signal intensity (11,12). The feasibility of
3D SSFP for MRCP has been demonstrated (13) where high
spatial resolution images depicting the biliary tree with good
signal-to-noise ratios (SNR) and contrast to-noise ratio
(CNR) were obtained in a single breath-hold (14).
The aim of this study was to demonstrate the role of breath-
held 3D-SSFP MRCP in evaluation of post-laparoscopic
cholecystectomy biliary complications.
2. Patient and methods
2.1. Patients
This study was approved by the ethics committee of our insti-
tution during the period from March 2013 to March 2015;most of the patients were referred from other centers, as our
hospital was a referral center. This study included 29 patients
with post-laparoscopic cholecystectomy symptoms like
abdominal pain, dyspepsia, vomiting, gastrointestinal disor-
ders and jaundice. The ages of the patients ranged from 28
to 70 years (mean 49 ± 16 year). Written informed consent
was obtained from each patient.
2.2. MRCP technique
2.2.1. Imaging acquisition and scanning parameters
All the patients were fasting for at least 4 h prior to commenc-
ing the MRCP examination in order to reduce fluid secretions
within the stomach and duodenum, reduce bowel peristalsis
and to ensure that the hepato-biliary and pancreatic ducts were
completely filled with fluid and maximally distended. Through-
out this period, the patient was permitted to drink clear fluids
only (water). No contrast agents or antiperistaltic drugs were
used. The patients were instructed to hold their breath (sus-
pend expiration) for approximately 20–40 s. Hyperventilation
breathing allowed them to fill their lungs with air to comfort-
ably sustain the period of suspended expiration. Breath-held
was a crucial step for the success of the MRCP examination.
MRCP was performed for all patients on 1.5 tesla super-
conducting unit (Toshiba Medical systems corporation, 1385,
Shimoishi Gami, Otawara-Shi, Tochigi-Ken, Japan) using 16
channel phased array body coil with breath-held multi-slice
acquisition. We first perform 2D MRCP followed by 3D
MRCP.
2.3. 2D MRCP
2DMRCP was performed using heavy T2 sequence with single
shot, fast spin echo (SSFSE) sequences. A thick slab single
shot turbo-spin echo (TSE) T2 WI sequence was done as a
complementary approach. Axial 2D breath-hold acquisitions
were obtained, so that the whole of the liver down to the
duodenal ampulla was visualized. Then, oblique coronal
images were generated, for better anatomical delineation of
the biliary tracts.
2.4. 3D MRCP
3D MRCP was performed using steady state free precession
(SSFP) sequence. The near isotropic volumetric data from a
3DMRCP then was processed using a maximum intensity pro-
jection (MIP) technique for an esthetically pleasing display of
the biliary tree. MIP reformates then generated in various
coronal and sagittal oblique planes. The protocol imaging
parameters are shown in (Table 1).
2.5. Image analysis
All the available images including the 2D and 3D MRCP
images and their individual source images were initially evalu-
ated for the global quality of the image. The images were
assessed for the presence of biliary stones either intra or
extra-hepatic, biliary duct injuries including leakage (either
partial or complete transection) and strictures. The MRCP
images were considered positive for stone when a signal void
was seen in at least two planes following the axial course of
CBD and checked it for focal strictures or interruptions.
Table 1 Parameters of the protocol used on the 2D and 3D
MRCP.
Parameter 2D coronal oblique planes 3D b-SSFP
TR (ms) 3000 5.2
TE (ms) 510 2.6
Slice thickness (mm) 40 2
Number of sections 1 40
FOV 38 30–36
Flip angle 50 50
Matrix 352  352 224  256
Acquisition time (s) 3 20–40
Table 2 Post-cholecystectomy biliary complications (n= 29).
Biliary complications No. %
1 – Retained stones
– Intrahepatic 2 6.9
– Extra-hepatic 4 13.8
2 – Biliary duct injury:
– Biliary duct ligation 4 13.8
– Biliary leakage
– Partial tear 4 13.8
– Complete transection 8 27.6
– Slipped clips 2 6.9
– CBD strictures 5 17.2
Total 29 100
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Surgical interference was done for 26 cases and 3 cases passed
without interference. The surgical interference was in the form
of the following:
a. Endoscopic retro-grade cholangio-pancreatography
(ERCP) which was done for 13 cases that were managed
by ERCP with sphincterotomy and insertion of biliary
stent.Fig. 1 50 year-old female patient presented 5 days post laparoscop
Coronal T2WI revealed interruption of the CBD at site of operation (a
planes showed clearly the transected CBD segment (thick arrow on C &
3D MRCP in oblique coronal plane revealed more clearly the transecb. Open surgery was performed for 13 cases in the form of
removal of the ligature with insertion of T-tube,
hepaticojejunostomy with insertion of intra-peritoneal
drain. Also, exploration with wash and drainage
technique, stone extraction and T-tube insertion was
done.ic cholecystectomy, by jaundice and abdominal pain: (A and B):
rrow on A). (C, D & E): 2D MRCP in coronal and oblique coronal
D) as well as the biliary leakage detected (thin arrow on C). (F):
ted CBD segment as well as the biliary leakage (thin arrow).
Fig. 2 60 year-old female patient came one week post laparoscopic cholecystectomy by jaundice and epigastric pain: (A,B & C): Coronal
T2WI cuts revealed mildly dilated CBD and minimally dilated central portion of the intra-hepatic biliary radicals with evident small
missed stone inside the CBD (arrow on C). (D and E): 3D MRCP in different angles showed the mildly dilated main CBD and the missed
stone inside the extra-hepatic portion of CBD was clearly seen (arrow).
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This prospective study included 29 patients with post-
operative complain of post-cholecystectomy symptoms (13
males, 16 females). Their ages ranged from 28 to 70 years
(mean age was 49 ± 16 year). Post-laparoscopic cholecystec-
tomy biliary complications included retained stones in 6
patients (2 intrahepatic and 4 extra-hepatic), biliary duct injury
in 23 patients (4 cases with biliary duct ligation and 14 cases
with biliary leakage: 4 cases with partial tear, 8 cases with com-
plete transection and 2 cases with slipped clips). Benign stric-
ture at the site of operation was detected in 5 cases (Table 2)
and (Figs. 1–6).
The bile duct injuries were classified according to their
severity into (a) minor injuries included; slipped clips from
remnant of cystic duct (2 cases), partial thermal bile duct tear
(4 cases) and biliary duct strictures (5 cases) and (b) major inju-
ries included; ligation of the bile ducts (4 cases) and complete
transection of the bile duct in (8 cases). All the minor injuries
were managed by ERCP with dilatation, sphincterotomy or
insertion of biliary stent, while the major injuries were treatedoperatively with either removal of the ligature with insertion of
stent or hepaticojujenostomy (Table 3).
The interference for management of the facing post-
laparoscopic cholecystectomy biliary complications was either;
open surgery that was done for 4 cases of biliary duct ligation
and 8 cases of biliary duct transection with large amount of
leakage as well as one case of retained intrahepatic biliary
stone. ERCP was done for the cases of retained CBD stones
(4 cases), biliary duct strictures (5 cases) with dilatation and
insertion of biliary stent. Also, ERCP was done for 2 cases
of partial CBD injury and minimal leakage with insertion of
biliary stent. As well as ERCP was done for 2 cases of slipped
clips from remnant of cystic duct with therapeutic sphinctero-
tomy (Table 4).
The remaining 3 patients that hadn’t any surgical interfer-
ence; 2 patients show spontaneous healing of the partial biliary
injury and minimal leakage without any interference, and one
patient had intra-hepatic retained stone that responded to
medical treatment also with no interference.
As regarding the type of repair in cases of biliary duct inju-
ries with open surgery, it was removal of the ligature in 4 cases
Fig. 3 48 year-old male patient presented 7 days post laparoscopic cholecystectomy by jaundice: (A and B): 2D MRCP in coronal plane
revealed a signal void missed stone on the Lt. intrahepatic biliary duct (arrow on A). (C & D): 3D MRCP showed the inserted T-tube
(arrow on C) and the intra-hepatic missed stone inside the Lt. hepatic biliary branch as well as the dilated related intrahepatic biliary
radicals (arrow on D).
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removed after 10 days with no encountered complications.
While in 8 cases of transection of the biliary duct and signifi-
cant biliary leakage; hepaticojejunostomy was done with inser-
tion of peritoneal drain for 5–7 days then removed. Also in one
case of the missed intrahepatic biliary stone, exploration of
CBD with wash and drainage technique, stone extraction
and T-tube insertion was done (Table 5).4. Discussion
Iatrogenic bile duct injury carries high morbidity. After the
introduction of laparoscopic cholecystectomy the incidence
of these injuries has at least doubled, and even after the learn-
ing curve, the incidence has plateaued at the level of 0.5% (15).
Patients presenting in the early post-cholecystectomy period
with biliary leak, peritonitis and/or jaundice should be consid-
ered to have sustained a biliary injury.Delay in diagnosis is asso-
ciated with increased morbidity. Once diagnosed, resuscitation,
external drainage and control of sepsis should be established.
The patient should be immediately referred to a hepatobiliary
surgeon for further management as early repair is associated
with lower morbidity and mortality, shorter duration of treat-
ment and improved quality of life (16–18). Inadequate anddelayed management may lead to severe complications
including sepsis andmulti-organ failure in the acute phase or late
biliary stricture and cirrhosis (19). Therefore, it is of practical
interest to evaluate the role of breath-held 3D-SSFP MRCP
in evaluation of post-laparoscopic cholecystectomy biliary
complications.
In our study, 3D MRCP was performed using breath-held
SSFP sequence. Chavhan et al. (20) defined the steady-state
sequences as a class of rapid magnetic resonance imaging tech-
niques that based on fast gradient-echo acquisitions in which
both longitudinal magnetization (LM) and transverse magneti-
zation (TM) are kept constant. Scheffler and Lehnhardt (21)
reported that balanced SSFP is characterized by two unique
features: it offers a very high signal-to noise ratio and a T2/
T1-weighted image contrast. The technique and imaging
parameters for breath-held 3D-SSFP MRCP acquisition were
based on Glockner et al. (14) who assessed the potential role of
b-SSFP for MRCP, he reported that b-SSFP pulse sequences
had a number of features suggesting their potential utility for
MRCP imaging, including short TRs and consequent short
acquisition times which reduce motion-induced artifact that
may be sufficient to degrade the overall image quality, high
signal-to-noise ratios (SNR), and T2/T1 contrast weighting,
rendering fluid-containing structures bright. B-SSFP sequences
are increasingly employed in standard hepatic MRI and
Fig. 4 54 year-old female patient came for follow up after repair of the post laparoscopic cholecystectomy biliary duct injury: (A):
Coronal T2WI revealed the injured CBD (site of operation). (B): 2D MRCP in coronal plane revealed well the obstructed segment. (C &
D): 3D MRCP in different planes and angles showed the patent continuation between the bile duct and the jejunal loops
(hepaticojejunostomy: arrow on D). It was also clearly identified the CBD and the main pancreatic duct (arrow on C).
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tion time, or if substituted for the 3D FSE technique would
represent a substantial time savings because the breath-held
3D SSFP acquisition is much faster than the standard
respiratory-triggered 3D FSE technique.
In this study the 2D and breath-held 3D-SSFP MRCP were
interpreted for detecting a spectrum of biliary complications
following laparoscopic cholecystectomy which included;
retained stones in 6 patients, biliary duct injury in 18 patients
and CBD benign strictures in 5 patients. The increased inci-
dence of post-laparoscopic cholecystectomy biliary duct injury
was also reported by Karvonen et al. (15), Khan et al. (22), and
Ahmad et al. (19).
Biliary complications were ranged from minor ductal leaks,
often managed non-operatively, to proximal transection inju-
ries requiring major biliary and occasionally vascular recon-
struction (19). In our study the biliary duct injuries were
further classified according to their severity into minor and
major injuries. Minor injuries included; slipped clips from rem-
nant of cystic duct (8.7%), partial mostly thermal bile duct tear
(17.4%) and biliary duct strictures (21.7%), while major inju-
ries included; ligation of the bile ducts (17.4%) and complete
transection of the bile duct in (34.8%). This was based on
and in accordance with Karvonen et al. (15), Sahajpal et al.
(23), and Ahmad et al. (19).
Complete transection and stricture were the two most com-
mon types of biliary duct injury encountered in our study, theyrepresenting 27.6% and 17.2% respectively. Khalid et al. (24)
reported that at MRCP, strictures and transection appear as a
focal narrowing or abrupt interruption of the bile duct, respec-
tively, with or without biliary dilatation upstream. The distinc-
tion between biliary stricture and transection may be difficult.
Nevertheless, a complete lack of visualization on source and
projection images is highly suspicious for duct disruption.
Moreover, stricture is the most common late biliary complica-
tion that results from evolution of duct injury, it developed a
few months to years after cholecystectomy, while transection
is an early biliary complication that occurred in the post-
cholecystectomy period. The site of stricture was the CBD in
all the detected stricture complication (5 patients). This was
in agreement with Van Hoe et al. (25) who documented that
the typical locations of strictures are in the CBD, near the
insertion of the cystic duct, or at the hepatic confluence.
Other detectable biliary complication was the retained
stones, they were demonstrated in 6 patients, 2 were intrahep-
atic and 4 were extrahepatic in location. They were interpreted
as stones at MRCP when there was a filling defect within the
hyperintense fluid filled biliary ducts. This was based on
Schofer (7) who described the appearance of stones at MRCP
as smoothly marginated filling defects within the CBD or
cystic duct remnant, usually in the dependent position, and
surrounded by a thin rim of hyperintense bile. MRCP has a
sensitivity of 95–100% and a specificity of 88–89% for detect-
ing CBD calculi (7). Other studies conducted using 2D MRCP,
Magnetic resonance cholangiopancreatography (MRCP) evaluation 213for the detection of CBD stones, have reported a sensitivity,
specificity and accuracy of 90%, 88% and 89% respectively,
which after the exclusion of stones with diameters smaller than
6 mm, have improved to 100%, 99% and 99% respectively.
The detection accuracy of stones <6 mm is likely to improve
with the newer 3D sequences (26).
Optimal management of biliary injuries is achieved with a
multidisciplinary approach. Successful management depends
on the type of injury, timing of injury recognition, presence
of complications, condition of the patient, and availability of
experienced hepatobiliary surgeons (2). Radiologists play a
key role in diagnosis and treatment. Depending on the type
of injury, appropriate management methods may include
endoscopic, percutaneous, and surgical interventions (27). In
this study management of biliary injuries was tailored accord-
ing to their severity. Management approaches included open
surgery which was performed for 13 patients with major biliary
injury and ERCP was performed for 13 patients with minor
biliary injury.Fig. 5 A photographic illustration of some ERCP interferences for
Showed that the technique of retrograde CBD cannulation. (B): Th
technique. (C): The stones were extracted on the lumen of duodenum (
(large arrow).The indications of ERCP during this study included;
retained CBD stones in 4 patients, biliary duct strictures with
dilatation and insertion of biliary stent in 5 cases, partial CBD
injury and minimal leakage with insertion of biliary stent in 2
patients, and slipped clips from remnant of cystic duct with
therapeutic sphincterotomy in 2 patients. Weber et al. (28)
reported that with ERCP, the biliary system is evaluated distal
to the level of injury. ERCP is more invasive than MRCP, but
it allows simultaneous therapeutic interventions such as the
placement of biliary stents and drainage catheters, which are
standard for treating injuries such as stenosis of the common
duct and bile leaks from the cystic duct stump or small periph-
eral ducts, which require percutaneous drainage. Perini et al.
(29) addressed the main limitations of ERCP as following; it
does not al-low evaluation of the part of the biliary tree prox-
imal to a major duct transection or ligation and has limited
utility after surgical biliary-enteric anastomosis. In addition,
transection or ligation of an aberrant right hepatic bile duct
is frequently overlooked at ERCP.solving complication of post laparoscopic cholecystectomy: (A):
e Dormia basket appeared (large arrow) with stone extraction
small arrow) and the CBD cannulation procedure also seen beside
Fig. 6 A photographic illustration to some steps of hepaticojujensotomy operation: (A): Exploration of the hepatic biliary duct (arrow
in A). (B): Exploration of the jujenal loop with opening on sits side wall (arrow on B). (C, D & E): Showed the final steps for end to side
anastomosis and suturing (arrow on E). The white color on the surgical field is towel used for surgical purposes (Star on B, C, D & E).
Table 3 Classification of bile duct injuries according to their
severity (n= 23).
Degree of injury No. %
1 – Minor injuries:
– Slipped clips 2 8.7
– Partial tear (thermal injury) 4 17.4
– Bile duct strictures 5 21.7
2 – Major injuries:
– Ligation 4 17.4
– Complete transection 8 34.8
Total 23 100
Table 4 Surgical interference for solving the biliary compli-
cations (n= 26).
Surgical interference No. %
Open surgery:
– Ligature 4 15.4
– Leakage 8 30.8
– Missed intrahepatic stone 1 3.8
ERCP:
– Retained extra-hepatic stones 4 15.4
– CBD strictures 5 19.2
– Partial CBD tear with minimal leakage 2 7.7
– Slipped clips from cystic duct 2 7.7
Total 26 100
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neous or endoscopic techniques require surgical repair. These
include large lateral defects in major ducts, strictures refrac-
tory to percutaneous or endoscopic treatment, and nearly all
complete transections and ligations (27). The indications for
open surgical interference during this study included; biliary
duct ligation in 4 patients, biliary duct transection with large
amount of leakage in 8 patients, and retained intrahepaticbiliary stone in 1 patient. The commonest type of surgical
repair performed was hepaticojejunostomy as it was done for
8 patients with transection. Many other studies (2,30,31)
proved that Roux-en-Y hepaticojejunostomy is the preferred
procedure for most major bile duct injuries; it provides
excellent long-term outcomes overall, with long-term patency
Table 5 Type of repair on open surgery for biliary injuries
(n= 13).
Type of repair No. %
Remove the ligature with insertion of T-tube 4 30.8
Hepaticojejunostomy with peritoneal drain 8 61.5
CBD exploration and T-tube insertion 1 7.7
Total 13 100
Magnetic resonance cholangiopancreatography (MRCP) evaluation 215in more than 90% of patients, when the procedure is per-
formed by an experienced hepatobiliary surgeon.
5. Conclusion
Breath-held 3D-SSFP MRCP is a noninvasive, high resolution
imaging technique that does not require the use of a contrast
medium, and provides excellent delineation of the biliary
anatomy proximal and distal to the level of injury and
facilitates the identification of biliary leak. So it is considered
the imaging of choice for characterizing the injury and
planning management procedures.
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